Experimental
The substrates used were n-and p-Si (100) with resistivity of ~8 Ωcm (P and B doped, respectively). The hetero-epitaxial WSi 10 film (epi-WSi 10 ) was fabricated by deposition of WSi 10 H x clusters onto clean Si substrates at 350°C and subsequent annealing at 500°C [4] [5] [6] . The clean Si substrates were prepared using flashing above 1200°C for several times in an ultrahigh vacuum. To investigate the electrical junction characteristics between WSi 10 films and Si, W electrodes were sputtered at room temperature (RT) on WSi 10 films (Fig. 1). Fig. 1 shows a cross-section high-resolution STEM image of a WSi 10 film sandwiched between n-type Si (100) and W (W/epi-WSi 10 /n-Si). The STEM observation shows that an epitaxial layer of one-several nm thickness was formed at the interface, and an amorphous WSi 10 layer remained on top.
Results and discussion
Typical I-V characteristics at RT are shown for the W/epi-WSi 10 /n-Si, W/non-epi-WSi 10 /n-Si and W/epi-WSi 10 /p-Si in Fig. 2 . The non-epi-WSi 10 is the WSi 10 film deposited at 350°C on HF-cleaned Si (100) substrates without the flashing process and subsequently annealed at 500°C. An ohmic property was observed on the W/epi-WSi 10 /n-Si, while rectification properties were observed on the W/non-epi-WSi 10 /n-Si and W/epi-WSi 10 /p-Si. To estimate barrier heights (BHs) of the junctions, we measured the reverse bias C -2 -V curves of the W/non-epi-WSi 10 /n-Si and W/epi-WSi 10 /p-Si at RT, as shown in Fig. 3 . From the curves, the built-in potential (V bi ) of non-epi-WSi 10 /n-Si and epi-WSi 10 /p-Si was calculated to be 0.27 ± 0.01 eV and 0.57 ± 0.02 eV, respectively. The BH was obtained to be 0.59 ± 0.01 eV and 0.79 ± 0.02 eV as a sum of the V bi value and the energy difference (⊿Φ f ) between band edges and the Fermi level of the n-and p-Si substrates. The ⊿Φ f was estimated from the carrier concentration of the n-and p-Si substrates. The junction of non-epi-WSi 10 /n-Si was not ohmic but showed a rectification property. This is due to the Fermi level pinning by interface states between the non-epi-WSi 10 and n-Si. In contrast, the ohmic property of the epi-WSi 10 /n-Si is attributed to the fact that there is no interface state at the clean hetero epitaxial interface.
Temperature dependence of the BH obtained from C-V characteristics of the W/epi-WSi 10 /n-Si is shown in Fig. 4 . When the temperature was higher than 220 K, the C could not be measured by the presence of leakage current because the depletion layer disappeared. This indicates that the epi-WSi 10 film is an n-type semiconductor with a band gap narrower than Si and has a high carrier concentration; i.e., the Fermi level is close to the conduction band edge, as shown in Fig. 5 . The ohmic property of the W/epi-WSi 10 /n-Si is caused by the tunnel current between the W and epi-WSi 10 film. This band alignment is consistent with a large BH (~0.8 eV) of the epi-WSi 10 /p-Si, in which a hetero p-n junction is formed. Below 220 K, the C-V characteristics were observed for epi-WSi 10 /n-Si and the BH was estimated to be ~0.4 eV. This behavior is attributed to complete depletion of the epi-WSi 10 film resulting from carrier (electron) freezing.
Conclusions
The epi-WSi 10 /n-Si showed an ohmic property, while the junction to p-Si had a good rectification property with a large barrier height of ~0.8 eV. Thus, the epi-WSi 10 film is an n-type narrow-gap semiconductor, the Fermi level of which is close to the conduction band edge of Si, and forms a low-barrier hetero junction to n-Si. 
